Abstract. We investigated the phagocytotic activity of cultured rat thyroid cells (FRTL) by using latex beads. FRTL cells ingested many carboxylate-modified polystyrene latex beads (c-latex beads), which had carboxyl residues on the surface, whereas they ingested few polystyrene latex beads (p-latex beads), which had no electrostatic charge. Phagocytotic activity of c-latex beads was stimulated by TSH in a dose-related manner. Dibutyryl, 8-bromo-cAMP, and forskolin also stimulated this process. Tunicamycin significantly inhibited dibutyryl cAMP-stimulated phagocytotic activity of clatex beads by FRTL cells. N-acetylglucosaminidase also inhibited dibutyryl cAMP-stimulated phagocytosis.
The incorporation of thyroglobulin into colloid droplets is one of the important steps for the secretory process of thyroid hormone from the thyroid follicular cells. Morphological studies have demonstrated that this thyroglobulin uptake occurs by two processes: micropinocytosis and macropinocytosis (also called phagocytosis or engulfment by pseudopods) (Seljelid 1967; Seljelid et al. 1970 ), and we also reported that collid droplets formed by macropinocytosis in dog thyroid slices well reflected the thyroid-stimu¬ lating activities of TSH, long-acting thyroid sti¬ mulator (LATS), and prostaglandin Ei (Onaya & Solomon 1969; 1970; Onaya et al. 1969) . Ambesi- Impiombato et al. (1980) established a continuous line of functional epithelial cells from Fischer rat thyroid maintained in 0.5% calf serum (FRTL), and they subsequently showed that these cells could be adapted to grow in 5% calf serum . (Vitti et al. 1982 Valente et al. 1983 ).
It has already been reported that isolated thy¬ roid cells are capable of phagocytosing latex beads in response to the stimulation of TSH and dibu¬ tyryl cAMP (Rodesch et al. 1970; Kowalski et al. 1972 (Mitsubishi Chemical Industries, Ltd, Tokyo, Japan) as described previously (Avivi et al. 1981 ; Ambesi-Impiombato et al. 1982 ) and a 6-hormone mixture (5 U/l TSH, 10 mg/1 insulin, 5 mg/I transferrin, 10 µg/l somatostatin, 20 µg/l glycyl-Lhistidyl-L-lysine, and 10"8 mol/l hydrocortisone) as des¬ cribed by Ambesi-Impiombato et al. (1980) . The cells were grown in a 5% C02-95% air (37°C) atmosphere, and were passaged using a trypsin-collagenase mixture (Seljelid et al. 1970 After 4 days of incubation in 6-hormone mixture, the medium was changed to the 5-hormone mixture, and the cells were incubated further for 4 days. After removing the medium, the cells were incubated for 2 h in 1 ml of HBSS containing 0.5 mmol/1 3-isobutylmethylxanthine and the selected concentrations of TSH. After 2 h of incubation, the medium were deproteinized by heating in a boiling water bath for fO min. The cAMP levels were determined using Yamasa (Fig. 2) . At an early stage of attachment, small pseudopods were observed creeping up the sides of the beads (Fig. 2a) . In the later stages, the beads were completely ingested, and dome-like protuberances of the plasma mem¬ brane were found, the size of which was equal to that of non-ingested beads (Fig. 2b) . After wash¬ ing the cover-glass well enough to remove the non-ingested latex beads, there were few c-latex beads left on the cell surface (Fig. 2c) . After washing the cover-glass well in the same manner as in Fig. 2c , we observed the FRTL cells by using phase-contrast microscopy ( Fig. 2d,e) . Incubation of the cells with c-latex beads and TSH (5 U/l) for 24 h caused a considerable accumulation of clatex beads inside the cells. These c-latex beads were localized to the region around the nucleus (Fig. 2d) . In contrast, only few c-latex beads were ingested without TSH (Fig. 2e) .
Time-course of c-latex beads uptake As shown in Fig. 3b Effect of (Bu)2 cAMP, Na-butyrate, forskolin and -bromo-cAMP on c-latex beads uptake by FRTL cells. (Fig. 4a) . N-acetylglycosaminidase, which has been reported to liberate N-acetylglucosamine from a variety of substrates, also decreased the phagocytotic activity of c-latex beads by FRTL cells (Fig. 4b) .
Discussion
It is well established that the follicular luminal colloid (thyroglobulin) is reabsorbed into the folli¬ cular epithelial cells by two processes : micropinocytosis formed by invaginations of the cell surface, and phagocytosis formed by engulfment en masse by pseudopods (Seljelid 1967; Seljelid et al. 1970 ). The large colloid droplets which are formed by phagocytosis are seen only after overwhelming TSH stimulation (Seljelid et al. 1970 (1968) and Yokomura et al. (1967) showed that positively-charged particles adhered to the negatively-charged surfaces of Ehrlich ascites tumour cells and were actively phagocytized by them, whereas negatively-charged par¬ ticles neither adhered nor were phagocytized. On the other hand, macrophages ingested negativelycharged colloidal particles well (Seno et al. 1975 (Curtis 1969; Yokomura et al. 1974 ) and the force between hydrophilic surfaces (Van Oss & Gillman 1972) . All these forces may contribute in some manner, but the electrostatic force may participate as the initial attractive or repulsive force between the phagocyte and partic¬ les, because the electrostatic force is more effec¬ tive over distances than other forces (Yokomura et al. 1974 ).
The physiological significance of glycoproteins and N-acetylglucosamine on the surface of FRTL cells is being studied now in our laboratory. It is of interest to note, however, that tunicamycin, an inhibitor of glycoprotein synthesis, can inhibit (Bu)2 cAMP-stimulated phagocytosis. Recently, it has been reported that thyroglobulin was incor¬ porated by thyroid follicular cells through the mechanism of selective fluid pinocytosis process, and that the thyroglobulin-receptor was a glyco¬ protein with a molecular weight of 100 (Kohn et al. 1985) . In addition, it has been also revealed that a mannose-6-phosphate receptor may be in¬ volved in the uptake of thyroglobulin . Although the role of the mannose-6-phosphate recognition system in c-latex beads remains unknown, it is evident that cell surface glycoproteins play many important roles in the function of the thyroid follicular cells.
